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New unidentified H.E.S.S. Galactic sources 
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H.E.S.S. is one of the most sensitive instruments in the very high energy (VHE; > 100 GeV) gamma-ray domain 
and has revealed many new sources along the Galactic Plane. After the successful first VHE Galactic Plane 
Survey of 2004, H.E.S.S. has continued and extended that survey in 2005-2008, discovering a number of new 
sources, many of which are unidentified. 

Some of the unidentified H.E.S.S. sources have several positional counterparts and hence several different possible 
scenarios for the origin of the VHE gamma-ray emission; their identification remains unclear. Others have so far 
no counterparts at any other wavelength. Particularly, the lack of an X-ray counterpart puts serious constraints 
on emission models. 

Several newly discovered and still unidentified VHE sources are reported here. 



1. Introduction 

Very high energy (VHE, > 10^^ eV) particles can 
be traced within our Galaxy by a combination of non- 
thermal X-ray emission and VHE gamma-ray emission 
via leptonic (i.e. Inverse Compton scattering of elec- 
trons, Bremsstrahlung and synchrotron radiation) or 
hadronic (i.e. the decay of charged and neutral pions, 
due to interactions of energetic hadrons) processes. 

The High Energy Stereoscopic System (H.E.S.S.) 
detects VHE 7-rays above an energy threshold of ~ 100 
GeV and up to ~100 TeV with a typical energy res- 
olution of 15% per photon. The angular resolution is 
~ 0.1° per event, allowing a positional error better 
than 40" for a point source detected with a statis- 
tical significance 6 a. The H.E.S.S. field of view is 
almost 5° in diameter with a point source sensitiv- 
ity of < 2.0 X 10-^^ ergs cm-^ s"^ (-1% of the Crab 
Nebula) for a 5 a detection in 25 hours of observations 

[H. 



2. New unidentified H.E.S.S. sources 

After the successful first survey of 2004 [2^, H.E.S.S. 
extended the survey in 2005-2008 [3], leading to the 
discovery of several new VHE gamma-ray sources. Of 
these, several have been associated with Supenovae 



Remnants (SNRs; such as CTB 37A, CTB 37B, ROW 
86, Kes 75), some of them are candidate PWNe (such 
as HESS J1356-654 and HESS J1849-000), however 
the rest remain unidentified. 

The understanding of the nature of the unidenti- 
fied sources is a crucial point, since they represent a 
large fraction of the high energy and very high energy 
source population: almost 50% of the H.E.S.S. Galac- 
tic sources are still unidentified; more than 60% of 
EGRET sources were unidentified [1] and also almost 
50% of Fermi LAT sources are unidentified [s^. 
Unidentified sources could point to unknown and po- 
tentially new phenomena. And also in the case that 
they would represent particular unknown stages of 
known phenomena, their study will allow us to put 
serious constraints on the current astrophysical mod- 
els and hence on their physical emission models. E.g. 
in the case that the VHE unidentified sources would 
be, as suggested by [6], ancient PWNe, a new stage of 
evolution of PWNe is discovered and studied, putting 
serious constraints on the model of emission. 

Here five recently discovered VHE gamma-ray 
sources, that are still unidentified, will be discussed, 
showing their morphology, their spectrum and provid- 
ing evidence for possible counterparts: HESS J 1507- 
622 (discussed separately in [7]), HESS J1848-018, 
HESS J 1503-582 and a particular emphasis is dedi- 
cated to the new sources in the Galactic Center region. 
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Figure 1: Excess count map of HESS J1503-582. The 
white dashed hne represents the Galactic Plane. 
Superimposed the X-ray source AX J150436-5824 
tentatively classified as a Cataclysmic Variable. In the 
field of view there is also the pulsar PSR J1502-5828, but 
it has a very low spin- down luminosity 
(3.3 X 10^^((i/12kpc)"^erg/s kpc^), and is not powerful 
enough to explain a PWN scenario. 
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Figure 2: Excess count map of HESS J1848-018. The 
white dashed line represents the Galactic Plane. The 
white circle denotes the source's intrinsic rms size of 
0.32° ± 0.02°. The position of WR 121a is marked in 
green and in magenta is shown the position of the Fermi 
bright source OFGL J1848.6-0138 and its radius of 95% 
confidence region [5,]. 



which is very important for Fermi LAT studies of dif- 
fuse emission or dark matter (HESS J1741-302 and 
HESS J1745-303). 



3. HESS J1 503-582 



The VHE gamma-ray emitter HESS J1503-582 
(Figure [1]) has been recently discovered by H.E.S.S. 
[1], it is still unidentified, i.e. it does not have any 
of the typical counterparts at lower energies (e.g. 
SNRs, energetic pulsars, or bright Fermi gamma-ray 
sources). However, it is now considered unique, since 
it is the first VHE gamma-ray source that appears to 
be associated with a forbidden-velocity wing (FVW). 
FVWs are faint HI 21 cm emission line structures 
which are visible at velocities which deviate from the 
canonical Galactic rotation curve, suggesting associ- 
ated dynamical phenomena [9]. Deeper observations 
of HESS J1503-582 are scheduled in order to further 
investigate this new source of VHE gamma-rays. 

HESS J1503-582, visible in Figure [H shows signifi- 
cance of ~6cr in ~24 hours of effective exposure. The 
spectrum can be fit well by a power law with index 
F = 2.4 ± 0.4stat ± 0.2syst with a fiux above 1 TeV of 
- 6 X 10-12 cm-2 s-i (-6 % of the Crab fiux). 



4. HESS J1 848-01 8 

HESS J1848-018 is an extended VHE gamma-ray 
source which was recently detected in the H.E.S.S. 
Galactic Plane Survey with a statistical significance 
of ~9cr in ~50 hours of effective exposure [10]. Fig- 
ure [2] shows the excess map of the recently discov- 
ered source HESS J1848-018 [10]. Its diflFerential en- 
ergy spectrum is well fit by a power law with index 
r = 2.8 ± 0.2stat i 0.2syst and it has an integrated 
flux above 1 TeV of ~2 x lO^^^ erg cm^^ s^^, corre- 
sponding to ~8% of the Crab nebula. 

HESS J1848-018 is located along the Scutum-Crux 
spiral arm tangent and is in the direction of, but 
slightly offset from, the star- forming region W 43, 
which hosts a giant HH region (G30.8— 0.2), a gi- 
ant molecular cloud, and the Wolf-Rayet (WR) star 
WR 121a in the central stellar cluster. If HESS J1848- 
018 is indeed associated with W 43, it would be 
only the second known case, after Wester lund 2 [11], 
of VHE gamma-ray emission associated with a star- 
forming region and WR star. 

The complex, mult i- wavelength morphology of HESS 
J1848-018 is currently under investigation. 



5. Galactic Center region: HESS 
J1 745-303 and HESS J1 741 -302 

The discovery of new VHE sources close to the 
Galactic Center is very important for the studies 
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Figure 3: Excess count map (smoothed with Gaussian of 
0.07° radius) and significant contours of HESS J1745-303 
P^. The white dashed hne represents the Galactic 
Plane. Superimposed there are the two SNRs G359. 1-0.5 
and G359.0-0.9, the two pulsars PSR B1742-30 and PSR 
J1747-2958, and the EGRET source 3EG 1744-3011. 
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Figure 4: Gamma-ray acceptance corrected sky map of 
HESS J1741-302 p^], obtained with hard analysis cuts 
and a Gaussian smoothing radius of 0.05°, with 
superimposed the positions of PSR B 1737-30 p/Tj] and 
PSR J1741-3016 M- 



about diffuse Galactic emission and dark matter and 
will play a crucial role in the out-coming Fermi LAT 
studies. 



5.1. HESS J1 745-303 

HESS J1745-303 is not a new source [2], but it has 
been recently observed in VHE gamma-rays in detail 
by H.E.S.S. and in X-rays by XMM-Newton [ijj. 

Figure [3] shows the image of gamma-ray excess 
counts of HESS J1745-303 smoothed with a radius of 
0.07°. Overlaid on the image are the contours of 4cr, 
5cr, 6cr, 7(j of significance. 

HESS J1745-303 is detected with a significance of 
10.2cr in 79 hours of observation. The spectrum can be 
fit well by a power law with index F = 2.7 ± 0.1 stat i 
0.2sys and a flux above 1 TeV of (1.63 ±0.16) x 10"^^ 

— 9 —1 

cm s . 

The region labeled A in Figure [3] is thought to be as- 
sociated with the interaction of the SNR G359. 1-0.5 
[3] with ^^CO molecular clouds [14] spatially coin- 
cident with the peak of the VHE gamma-ray emis- 
sion. The part labeled B in Figure [3] is more likely 
to be a PWN powered by the pulsar PSR B1742-30 
{E/D'^ = 2 X 10^^ erg s~^ kpc~^), which requires 
a conversion efficiency from rotational kinetic energy 
to gamma-rays of ~ 32% to produce the entire VHE 
emission. HESS J 1745-303 is also spatially coincident 
with the EGRET source 3EG 1744-3011 [4J. 



5.2. HESS J1 741 -302 

The discovery of a faint (~1% of the Crab flux) 
source, HESS J1741-302, has been recently announced 
one of the faintest newly discovered sources, at 
the lower end of the H.E.S.S. sensitivity. 

The discovery peak significance is 8.1 a in 143.5 
hours of observations. With standard analysis cuts 
[16,], HESS J1741-302 appears as an irregular blob. 
With hard analysis cuts (200 p.e.) [l^ resulting in 
improved angular resolution, improved background re- 
jection and higher energy threshold, two apparent hot 
spots start to appear in the map (Figured]); however 
Figure [5] shows that current statistics do not allow de- 
tailed statements about source morphology, and that 
the hot spots are consistent with statistical fluctua- 
tions within the source. 

The preliminary spectrum can be fit well by a power 
law with index F = 2.78±0.245tat ±0.20^^^ with a flux 
above 1 TeV of (6.3 ± l.Sstat ± l-^sys) x 10"^^ cm-^ 
s-i. 

In other sources in the galactic center region (e.g. 
HESS J1745-303 [12] and the GC diffuse emission 
d^), there is evidence that interactions of cosmic rays 
with Molecular Clouds (MCs) play a role in VHE 
gamma-ray production. Such an association in this 
case is not clear, though in some velocity ranges there 
is some weak molecular emission coincident with the 
H.E.S.S. source [20]. Another suitable scenario could 
be an offset Pulsar Wind Nebula powered by the some- 
what offset but relatively powerful pulsar PSR B1737- 
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Figure 5: On the left: gamma-ray acceptance corrected skymaps of HESS J1741-302 with superimposed the chosen 
shce connecting the two hot spots. On the right: the excess counts in the shce are plotted and fitted with a Gaussian 
(in red, with ^ jd.o.j. — 30.18/17) and with a double Gaussian distribution (in green, with x^/d.o.f. = 10.24/14) 0. 



30 [13 (spin-down luminosity 7.7 x 10^^ ^^)- This 
pulsar has a spin-down luminosity that is almost one 
order of magnitude fainter than other VHE gamma- 
ray emitting pulsars (e.g. like HESS J1825-137 [21]), 
which have typical VHE fluxes of ~10% of the Crab. 
Given that the estimated flux of HESS J1741-303 is 
approximately 1% of the Crab, a weak PWN scenario 
is plausible. The brightest hot spot is spatially co- 
incident with the pulsar PSR J1741-3016 [18], which 
is, however, probably too faint (spin-down luminosity 
^ 10^° l^i^) sustain a PWN scenario. 



the Polish Ministry of Science and Higher Education, 
the South African Department of Science and Tech- 
nology and National Research Foundation, and by the 
University of Namibia. We appreciate the excellent 
work of the technical support staff in Berlin, Durham, 
Hamburg, Heidelberg, Palaiseau, Paris, Saclay, and 
in Namibia in the construction and operation of the 
equipment. 



References 



6. Conclusions 

Five recently discovered H.E.S.S. unidentified 
sources and their possible counterparts have been dis- 
cussed. All the sources are located in the Galactic 
plane (or slightly off the plane) and appear extended 
in VHE gamma rays. Since these sources have so far 
no clear counterpart in lower-energy wavebands, fur- 
ther multi- wavelength studies are required in order to 
understand the emission mechanism powering them. 
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